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Abstract—A very significant development in the global airport industry in recent times has been the introduction 
and use of green renewable energy systems, such as solar and wind powered hybrid systems. Airports are very 
energy intensive and have a significant carbon footprint. Thus, the use of renewable green energy is enabling 
airports to reduce their carbon footprint thereby mitigating their environmental impact. Using an in-depth 
instrumental case study research design, this study has examined the use of renewable green energy systems by 
Delthi’s Indira Gandhi Airport and Mumbai’s Chhatrapati Shivaji Maharaj International Airport. The case study 
revealed that Chhatrapati Shivaji Maharaj International Airport has entirely switched to green sources for its 
energy consumption needs, thereby making it one of India’s 100 per cent sustainable airports. In April 2022, 
Mumbai Airport enhanced its usage of green energy when it deployed a 10Kwp Hybrid SolarMill consisting of 
2Kwp TurboMill (three Savonious vertical axis type wind turbine (VAWT) and SKwp Solar PV modules. The new 
system has enabled Chhatrapati Shivaji Maharaj International Airport to reduce its carbon footprint as the new 
system will reduce its carbon dioxide (CO2) emissions by 120,000 tonnes per year. In 2022, Delhi’s Indira 
Gandhi Airport became the first airport in India to be powered entirely by hydro and solar energy sources. This 
energy-related measure is one of the airport’s key actions to realize its 2030 objective of being a Net Zero 
Carbon Emission Airport. By moving to renewable sources for its energy requirements, the airport is expected to 
reduce its carbon footprint by around 200,000 tons of carbon dioxide (CO2) emissions per annum. The use of 
green energy sources has helped the airports to mitigate the harmful environmental impact from the use of 
fossil-based fuels. 


Keywords— Airports, Airport photovoltaic (PV) systems, Airport hybrid renewable energy systems, Carbon 
footprint mitigation, Sustainable airport energy management. 


I. INTRODUCTION 


Durmaz, 2015). Airports have been considering their 


Airports play a vital role in the global air transport 
industry. The increase in both passenger and air cargo 
traffic has led to an increase of energy requirements. In 
response to the growing energy consumption, airports have 
introduced a wide range of energy saving procedures 
(O’Meara et al., 2020), as part of their sustainability 
policies and strategies. Indeed, sustainability is gaining 
more importance in the air transportation industry (Koç & 
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impact upon the environment and as a result many airports 
have sought to green their operations, with the goal of 
becoming a green airport (Korba et al., 2022). A "green 
airport” is an airport which has a minimal impact on the 
environment and is one that endeavors to become a carbon 
neutral facility in terms of carbon emissions, with the aim 
to ultimately produce zero greenhouse gas emissions 
(Gonzalez-Ruiz et al., 2017). The concept underlying a 
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“green airport” is for the airport to create a centre of 
sustainable practices (Sumathi et al., 2018). Furthermore, 
many airports have increased their focus on energy 
efficiency as part of their efforts to reduce their impact on 
the environment (Preston, 2015). The increased focus by 
airports on their energy efficiency is because airports are 
extremely energy intensive (Bujok et al., 2023; de Rubeis 
et al., 2016; Ortega Alba & Manana, 2017). Airports are 
sites that have high and intense energy consumption 
(Akyuz et al., 2019). The improvement in energy 
efficiency and environmental performance of buildings is 
increasingly viewed as being one of the major priorities for 
airports all around the world (Fesanghary et al., 2012). In 
recent years, there has been a growing interest in targeting 
energy efficiency as a roadmap for carbon mitigation 
strategies and measures, limiting energy use, improving 
buildings’ energy performance, and reducing energy 
consumption for achieving sustainable buildings (Hafez et 
al., 2023). One of the most significant trends in the global 
airport industry in recent times has been the introduction 
and use of green renewable technologies. Many airports 
around the world have now installed photovoltaic (PV) 
solar systems as a key environmental measure (Baxter, 
2022b; Smagulov et al., 2021; Wybo, 2013). 


The Indian air transport industry is among the top ten in 
the world in terms of its size (Choudhuri et al., 2015). In 
recent times, India has emerged as the ninth largest 
aviation market globally, with the country now having 
more than 120 operational airports. India now has 34 
international airports in operation (Thummala & Hiremath, 
2022). India’s aviation industry has evolved since the first 
flight in 1911. Prior to 1953, there were nine airlines, 
including Air India, and Indian Airlines, serving the 
market. An important development occurred in 1953, when 
the airlines were nationalized and merged into Indian 
Airlines. In 1986, private companies were permitted to 
operate as air taxis (Choudhuri et al., 2015). In August 
2003, Air Deccan commenced operations as India first 
low-cost carrier (LCC) (Shukla, 2013). In 2005, GoAir, 
Indigo, Kingfisher, Paramount, and SpiceJet launched their 
operations (Zhang & Zhang, 2017). The industry witnessed 
some consolidation in 2007 when Jet Airways acquired 
Sahara, Kingfisher acquired Air Deccan, and Air India 
acquired Indian Airlines (Choudhuri et al., 2015; Zhang & 
Zhang, 2017). In 2006, the Indian Government approved 
the restructuring of Mumbai and Delhi Airports through 
public-private partnerships (Zhang & Zhang, 2017). 


An important development in India’s airport industry in 
recent times has been the increasing use of renewable and 
green energy. Nowadays, airports’ interest in solar 
photovoltaics (PVs) is growing and many Indian based 
airports now use photovoltaic (PV) solar systems as one of 
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their key energy sources. These systems provide a way to 
lower the burden of energy costs and to show 
environmental stewardship by airports (Sreenath et al., 
2020a). The solar photovoltaic cells have received special 
attention during recent times due to their rapid 
renewability consideration, particularly in international 
airports because of airport sustainability goals and the high 
cost of fossil fuel (Sher et al., 2021). Furthermore, solar 
energy is viewed as being one of the most suitable 
renewable energy options in India (Kalita et al., 2019). 


The objective of this study is to examine the green 
renewable technologies implemented by Mumbai 
International Airport (Chhatrapati Shivaji Maharaj Airport) 
and Delhi International Airport (Indira Gandhi 
International Airport). A secondary objective is to examine 
the environmental-related benefits that the airports will 
achieve from the implementation of the green renewable 
technologies. A third objective is to examine the impact 
that these new renewable technologies will have on the 
airport’s footprint and their goal to become carbon neutral 
airports. Airports consume energy, and hence, their carbon 
footprint should be considered (Bahadir, 2022). 
Chhatrapati Shivaji Maharaj Airport has entirely switched 
to green sources for its energy consumption needs, thereby 
making it one of India’s 100 per cent sustainable airports 
(International Airport Review, 2022; Loreng, 2022). In 
2022, Delhi’s Indira Gandhi Airport became the first 
airport in India to be powered entirely by hydro and solar 
energy sources (Airports Council International, 2022a). 
Importantly, both airports are committed to reducing their 
carbon dioxide (COz) emissions and maintaining their 
Airport Carbon Accreditation (ACA) carbon neutral 
certification. 


The remainder of the paper is organized as follows: the 
literature review is presented in Section 2 and this 
establishes the context for the in-depth case study. The 
research method used in the study is described in Section 
3. The case study is presented in Section 4. The key 
findings of the study are presented in Section 5. 


Il. BACKGROUND 
2.1. Energy Usage at Airports 


Airports and their key stakeholders require power to 
operate their equipment, systems, heating, ventilation, and 
air conditioning (HVAC) systems, as well as for the 
lighting of their buildings. In addition, airports require 
power for their airfield infrastructure, for example, runway 
and taxiway lighting. Airport energy usage also includes 
the fuel necessary to power ground support equipment 
(GSE) (Nam, 2019). The primary areas of energy 
consumption at an airport are heating, cooling, lighting, 
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and the energy required for operating the airport’s facilities 
and systems (Janić, 2011; Radomska et al., 2018). 
Electrical energy is also used at airports for powering the 
aids that are used to facilitate air transport operations, and 
for airport buildings, aircraft hangers and other airport 
facilities (Kazda et al., 2015). At many airports, crude oil 
is often used for producing the fuel used to power the 
ground service equipment (GSE) and vehicles that are used 
in an airport’s airside and landside areas, especially in the 
aircraft ground handling process (Janić, 2011). Fuel is also 
used for airport’s heating boiler systems and emergency 
generators (Ortega Alba & Manana, 2016). The airport 
terminal’s heating, ventilation, and air conditioning 
(HVAC) systems use the largest amount of energy (Akyüz 
et al., 2017). Fuel is also used for airport’s heating boiler 
systems and emergency generators (Ortega Alba & 
Manana, 2016). Airports consume large quantities of 
electricity (Sreejaya et al., 2020). Typically, airport 
terminal buildings consume more energy than other 
buildings that are located within the airport precinct due to 
the terminal building’s functional and operational 
characteristics (Yildiz et al., 2022). The airport terminal’s 
heating, ventilation, and air conditioning (HVAC) systems 
use the largest amount of energy. It has been estimated that 
around 70% of the energy consumed in airport terminal 
buildings is used for heating, cooling, and air conditioning 
purposes. This energy consumption rate is higher in those 
countries that have a cold climate (Akyiiz et al., 2017). 
Indeed, airport terminals have a high level of energy 
consumption for space heating in cold climate zones (Liu 
et al., 2021). Airport terminal buildings also have a high 
energy demand due to their cooling demand. This is 
especially so in hot arid climates, where airports cool their 
terminal buildings to achieve passenger thermal comfort 
(Abdallah et al., 2021). 


The operation of more efficient heating and cooling 
systems and the performance of the building envelope can 
result in significant reductions in energy consumption. 
This can be achieved without compromising comfort 
conditions in the airport terminal buildings (Akyiiz et al., 
2018). To ensure that energy demand can be met when the 
needs arise, airports are increasingly focusing on energy- 
conservation measures in the design (and operations) of 
terminal buildings and infrastructure (Thomas & Hooper, 
2013). 


2.2. The Factors that Influence an Airport’s Energy 
Consumption 


An airport’s energy consumption is influenced by a range 
of factors, which include: 


e The airport’s size. 
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e The airport’s architecture (compact, finger 
passenger terminals, satellite passenger terminals, 
and remote satellite passenger terminals). 


e Location and climate. 
e Airport operational hours. 
e Insulation level of terminal(s) building(s), 


e Heating, ventilation, air conditioning (HVAC) 
system. 


e Airport energy actors’ energy usage behavior. 
e Energy management. 

e Level of airport maintenance. 

e Capacity of aircraft maintenance facilities. 

e Daylight utilization. 

e Solar heating. 

e Traffic density. 

e Number of passengers handled at the airport. 


e Smooth operations of electrical and mechanical 
systems (Akyuz et al., 2019, p. 28). 


2.3. Airports Growing Use of Solar Photovoltaic (PV) 
Systems 


Consumption of fossil fuel generated electrical energy can 
be reduced substantially through the application of 
renewable energy systems in transportation-related 
facilities such as airports (Choudhary et al., 2021). The 
integration of solar energy systems is now viewed as being 
crucial to achieving the global goals for sustainability as 
well as the reduction of greenhouse gases and pollutants 
emissions, which have an adverse impact upon the 
environment (Lykas et al., 2022). Renewable energy has 
become an increasingly cost-effective | commerce 
preference for airports due to technological advancement, 
market ripeness, together with the public-sector investment 
(Emeara et al., 2021). Photovoltaic power (PV) has now 
become the fastest-growing source of renewable 
electricity. Renewable electricity sources are anticipated to 
play a crucial role in the transition towards a net-zero 
emission energy system (Bosmans et al., 2022). A key 
environmental-related trend in the global airport industry 
in recent times has been the use of renewable energy 
sources, such as, photovoltaic (PV) solar systems, by 
airports (Figure 1). The use of renewable energy resources 
has provided airports with several favorable environmental 
related advantages. Green energy produces no greenhouse 
gas emissions from the combustion of fossil fuels. As a 
result, this reduces some forms of harmful air pollution 
(United States Environmental Protection Agency, 2022). 
Furthermore, renewable energy systems provide the airport 
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with an alternative clean source of power (Kramer, 2010). 


An airport normally occupies a large area, has no 
obstructions and so there is potential for development of 
solar energy within its precinct (Hermawan, 2017). Solar 
energy and wind energy can be combined to form Solar- 
Wind Hybrid Power System (SWHPS), which will 
enhance the qualities and environmental benefits of each 
other (Vasant & Pawar, 2017). 


Fig.l: Photovoltaic PV Solar System at Denver 
International Airport 


Photograph Provided Courtesy of Denver International 
Airport 


3.1. A Brief Overview of Photovoltaic (PV) Solar 
Systems and the Key Issues for Airports 


Nowadays, there has been an increased interest by airports 
in solar photovoltaics (PVs) systems (Sreenath et al., 
2020a). An airport’s carbon footprint can be reduced 
through the substitution of the conventional source of 
energy with solar PV based power generation (Sukumaran 
& Sudhakar, 2017a). This is because the atmospheric 
pollution from airport operations can be decreased through 
the consumption of renewable energy (RE)-based 
electricity generation (Sreenath et al., 2019). Passenger 
terminal buildings and car parking lots are ideal locations 
for photovoltaic (PV) installation. The future trend towards 
the electrification of the aviation and automobile industries 
will increase the electricity demand at airports and this 
could potentially involve the integration of photovoltaic 
(PV) systems with airport infrastructure (Jiang et al., 
2021). Considering this concern as to the adverse impact 
of their carbon footprint on the environment, many airports 
around the world have installed photovoltaic solar (PV) 
systems (Baxter, 2021; Sreenath et al., 2020b, 2021a, 
2021b; Sukumaran & Sudhakar, 2017b). The solar 
photovoltaic (PV) systems being installed at airports are 
normally customized so that they optimize the use of the 
selected site (Baxter et al., 2019). 
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Solar photovoltaic (PV) systems are customized depending 
upon the requirements of the site. There are different 
environmental factors at each site. These factors will 
influence the type of system required and its level of 
performance. PV systems include the following 
components: 


e The solar resource — the sun is the power source 
for all PV systems. 


e Photovoltaic cells — when treated with chemical 
impurities (this process is referred to as doping), 
these thin sections of semi-conductor material 
react to sunlight, creating voltage and current. 


e Panel or module. 


e Array — an array is comprised of multiple panels 
wired together in series and in parallel to provide 
specified voltages and current (The array is 
typically fastened to a mounting structure). 


e Battery — a battery can be defined as a direct 
current (DC) electrical energy storage device. 


e Inverter — the DC-AC inverter converts direct 
current (DC) power into alternating power (AC). 


e Charge controller — a charge controller regulates, 
charges, and maintains battery voltage. 


e Electrical load — this includes the appliances and 
other devices that use the energy generated by the 
PV system. 


e Wiring — the PV system wiring includes the wires 
that are known as conductors that connect the 
system components to complete circuits; and 


e Surge protector — this is a device that safeguards 
against electrical shock from short circuits and 
damaging power fluctuations (Balfour et al., 
2013, pp. 4-5). 


Solar systems can be installed either fixed or adjustable to 
increase the amount of solar energy (Emeara et al., 2021). 
Importantly, there are different environmental factors that 
will be applicable for each site. Consequently, these 
factors will influence the type of photovoltaic (PV) system 
that is required, and they will also impact its level of 
performance. Photovoltaic (PV) systems are comprised of 
the solar resource, photovoltaic cells, panel or module, 
array, battery, inverter, charge controller, electrical load — 
this includes the appliances and other devices that use the 
energy generated by the PV system, wiring and the surge 
protector — this is a device that safeguards against 
electrical shock from short circuits and damaging power 
fluctuations. The photovoltaic (PV) system wiring includes 
the wires that are known as conductors that connect the 
system components to complete circuits (Balfour et al., 
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2013). Quite often photovoltaic solar systems are 
collective in nature, that is, they are centralized systems 
that provide electricity to a group of users. These users 
include commercial customers (Bhattacharyya, 2015). 


However, there are several key issues that airport’s need 
to be cognizant of when considering the installation and 
use of a photovoltaic (PV) solar system (Baxter et al., 
2019). Solar photovoltaic (PV) systems are required to be 
installed at a sufficient distance from the airport’s 
runway(s) and these systems should adhere to all relevant 
safety and fire measures applicable at the airport (Kandt & 
Romero, 2014). If inappropriately located at the airport, 
then there is a risk that the solar photovoltaic (PV) systems 
at airports can impact pilots, air-traffic controllers, aircraft, 
and air navigation systems due to the glare reflection 
(Mostafa et al., 2016). The solar system could cause either 
glint or glare, or possibly a combination both. This could 
potentially result in a brief loss vision, which would be an 
important safety concern for aircraft pilots (Anurag et al., 
2017). Consequently, glare due to the reflection of sunlight 
from the metal parts of a solar PV panel could potentially 
provide a risk that may result in an adverse impact on 
aviation safety (Mostafa et al., 2016). There are several 
measures that an airport can use to mitigate the glare from 
their solar system. The first measure involves the 
application of anti-reflective coatings (Solanki & Singh, 
2017). The second measure involves the surface texturing 
of the systems panels (Ahmed et al., 2017). Neither of 
these measures should have a noticeable impact on the 
solar PV system performance but will greatly assist in 
minimizing reflection from the PV system (Kandt & 
Romero, 2014). 


The performance of a photovoltaic (PV) solar system is 
highly dependent on the amount of solar penetration to the 
solar cell, the type of climatic season, the temperature of 
the surroundings, and the environmental humidity present 
at its location (Mohamad Radzi et al., 2023). The amount 
of power that can be produced by these systems is 
dependent upon the type of photovoltaic (PV) solar system 
used at the airport, the PV system’s orientation, and the 
available solar resource (Kandt & Romero, 2014). Many 
airports quite frequently have large tracts of open space 
that could be potentially used for the installation and 
operation of a solar photovoltaic (PV) system (Baek et al., 
2016; Curran, 2016). Consequently, many airports who 
meet the spare land use requirement are now installing or 
plan to install large surfaces of PV panels (Wybo, 2013). 


2.3.2. The Environmental Related’ Benefits of 
Photovoltaic (PV) Solar Systems for Airports 


Solar power is a clean and abundant energy source, and it 
is an environmentally friendly energy solution (Moukhtar 
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et al., 2021). Solar power photovoltaic (PV) systems lower 
the airport’s ground emissions (Sukumaran & Sudhakar, 
2017b). The airport’s carbon footprint (carbon dioxide 
CO2 emissions) can also be reduced by substituting solar 
PV based power generation for traditional, more heavily 
polluting, fossil-fuel based energy sources (Sukumaran & 
Sudhakar, 2017a; Wybo, 2013). In addition, the use of 
green or renewable energy sources provides the user with 
an important opportunity to optimize energy efficiency 
(Arman & Yuksel, 2013). Another advantage is that 
renewable energy sources normally have very little waste 
(Yerel Kandemir & Yayli, 2016). Other advantages of 
solar power are that they do not emit any greenhouse 
gases, such as carbon dioxide (CO2) into the atmosphere, 
there are no releases of toxic gases, such as sulphur 
dioxide (SOz2), photo-voltaic (PV) solar systems can make 
use of barren land, the systems allow for individual 
installation and use, and they can decrease transmission 
line costs in existing electricity grids. The disadvantages of 
solar power are the electrical energy produced by the 
system may be intermittent and unstable (Aktaş & 
Kirgigek, 2021; Alotto et al., 2014; Muhammed & 
Baladraf, 2021), the generation of electrical energy is 
reliant on natural events, large powerful photovoltaic solar 
systems require large tracts of land for their installation, 
and the surfaces of the solar panels must be cleaned 
periodically in order not to reduce system efficiency 
(Aktaş & Kircicek, 2021). Thus, solar is an uncertain 
energy sources, since it varies throughout the day, season, 
and geographic location (Correia & Ferreira, 2021). 


2.4. An Overview of the Environmental Benefits of 
Hydropower 


Hydropower has important environmental benefits. 
Hydropower is a clean, renewable, and environmentally 
friendly source of energy (Berga, 2016; Tong, 2019; 
Wagner & Mathur, 2011). As hydropower is a renewable 
source of energy, the energy produced through 
hydropower relies on the water cycle, which is driven by 
the sun, making it a renewable energy source. Hydropower 
is fueled by water, and this therefore makes it a clean 
source of energy. Hydropower provides low-cost 
electricity and durability over time when compared to 
other sources of energy. Importantly, hydropower 
complements other renewable energy sources (Office of 
Energy Efficiency and Renewable Energy, 2022). 
Hydropower does not pollute the air, thereby providing a 
reduction in carbon dioxide (CO2) emissions (McKinney et 
al., 2007; Wagner & Mathur, 2011; Walsh et al., 2020) 
unlike power plants that burn fossil fuels, such as, coal or 
natural gas (Spellman, 2022; Tong, 2019). Furthermore, 
hydro power does not produce any toxic, hazardous, or 
radioactive waste (McKinney et al., 2007). Hydropower 
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does have some disadvantages: large land disturbance and 
the potential relocation of people, high methane (CH4) 
emissions from rapid biomass decay in shallow tropical 
waters, and the disruptions to downstream eco-systems 
(Tyler Miller & Spoolman, 2012). Hydropower may also 
affect marine life (Majumdar, 2016), as fish populations 
can be impacted if they are unable to swim upstream to 
spawning grounds or to the ocean (Spellman, 2022). 


2.5. Hybrid Renewable Energy Systems (HRES) 


The renewable energy sources such as solar energy and 
wind energy are complementary in nature. The use of these 
natural resources to produce power reduces the power 
demand on the conventional power generation sector 
(Kumar et al., 2015). The sun and wind-based generation 
are increasingly being considered alternate source of green 
power generation which can be used to mitigate power 
demand issues (Saidi & Chellali, 2017). Accordingly, 
Hybrid Renewable Energy Systems (HRES) are becoming 
popular as stand-alone power systems for providing 
electricity (Kumar & Garg, 2013; Shirsath et al., 2016). 
Indeed, amongst the various renewable energy sources, 
photovoltaic (PV) and wind turbines (WT) have become 
very attractive due to the abundant local availability in 
nature, technological progress, and economic benefits 
provided from such a system (Malik et al., 2020). A hybrid 
energy system, or hybrid power, normally consists of two 
or more renewable energy sources which are used in 
tandem to provide increased system efficiency as well as a 
greater balance in energy supply (Shirsath et al., 2016). 
The hybrid combination of both distributed energy 
resources eliminates mutual intermittences due to their 
adverse nature; therefore, the reliability of the system will 
be improved. The basic key objective of these hybrid 
systems is to generate electrical energy by using renewable 
and clean energy with minimum pollution (Malik et al., 
2020). A typical wind-PV hybrid system is comprised of a 
small wind turbine, a photovoltaic (PV) generator and an 
appropriate storage system together with the corresponding 
electronic equipment (Godson et al., 2013; Kosmas & 
Panagiotis, 2022). 


A wind-solar hybrid system is a reliable alternative energy 
source because it utilizes solar energy combined with wind 
energy to create a stand-alone energy source that is both 
dependable and consistent. Solar power or wind power 
alone can fluctuate, however, when they are used together, 
they can provide a reliable source of energy. Thus, an ideal 
solution is to combine these two forms of energy sources 
to create a constant energy flow (Dalwadi et al., 2011). 
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Il. RESEARCH METHODOLOGY 
3.1 Research Method 


This study used a qualitative instrumental case study 
research approach (Janis, 2022; Miller, 2022; van Vreden, 
2022). An instrumental case study is the study of a case. 
An instrumental case study can study a firm(s). This 
research approach provides insights into a specific issue, 
enables researchers to redraw generalizations, or builds 
theory (Stake, 1995, 2005), whilst also facilitating the 
understanding of a specific phenomenon. An instrumental 
case study is designed around established theory (Grandy, 
2010). The present study was designed around the 
established theory of airport energy management (Akyuz 
et al., 2019; Thomas & Hooper, 2013), green energy 
(Aswathanarayana, 2010; Bhowmik et al., 2017; Kalyani 
et al., 2015), the use of solar power by airports (Baxter et 
al., 2019; Sreenath et al., 2020b, 2021a, 2021b; Sukumaran 
& Sudhakar, 2017a), and wind power (Gipe, 2004; 
Maegaard et al., 2013; Manwell et al., 2009). 


3.2 Data Collection 


Data for the study was obtained from a variety of 
documents, airport industry-related journals, annual 
reports, press releases, company materials available on the 
internet and records as sources of case evidence. 
Documents included Delhi International Airport (Indira 
Gandhi Airport) and Mumbai International Airport 
(Chhatrapati Shivaji Maharaj International Airport) 
environmental policies, industry publications, and the 
airport’s websites. Thus, this study used secondary data. 
The study followed data collection guidance of Yin (2018), 
that is, multiple sources of case evidence were used, a 
database on the subject was created, and there was of a 
chain of case evidence. 


3.3 Data Analysis 


Document analysis was used to analyze the documents 
gathered for the study. Document analysis focuses on the 
information and data from formal documents and company 
records that are gathered by the researcher(s) when 
conducting their case study (Andrew et al., 2011; Oates, 
2006; Yin, 2018). The documents gathered for the study 
were assessed for their authenticity, credibility, 
representativeness and meaning (Scott, 2014; Scott & 
Marshall, 2009). 


In this study, significant information was extracted from 
the secondary data collected using thematic analysis 
(Braun & Clarke, 2022; Guest et al., 2012; Terry et al., 
2017). The thematic analysis was performed five discrete 
stages. First, the collected data was arranged according to 
its relevance to the study. In the second stage, the 
organized data was coded and recoded and was 
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subsequently classified into meaningful groups. In the 
third stage, the most relevant themes were searched and 
extracted from the classified data. In the fourth stage, the 
themes that had been produced were checked to ensure that 
they appropriately represented the meanings found in the 
data set as a whole. In the fifth and final stage, the themes 
were defined, named, and presented in the case study 
(Ojogiwa, 2021). 


All the documents collected for the study were stored in a 
case study database (Yin, 2018). All the study’s documents 
were in English. Each document was carefully read, and 
key themes were recorded in the case study (Baxter, 
2022a). 


IV. RESULTS 
4.1. Chhatrapati Shivaji Maharaj International Airport 


4.1.1. An Overview of Chhatrapati Shivaji Maharaj 
International Airport 


Mumbai International Airport was privatized in 2006. At 
that time India’s Ministry of Aviation contracted the 
management and operation of the airport to GVK, a private 
firm. As part of the agreement between the two parties, the 
land that belonged to the Airport Authority of India was 
leased out for thirty years (Ren, 2017). In November 2019, 
the Competition Commission of India granted its approval 
for Adani Properties Private Limited to acquire a 
shareholding in Mumbai International Airport Limited 
(Kumari & Aithal, 2020). Mumbai International Airport 
Limited (MIAL) is managed by Adani Airport Holdings 
Limited (AAHL), which is a subsidiary of Adani 
Enterprises. MIAL is a Public-Private Partnership (PPP) 
venture between AAHL, who holds a majority 
shareholding of 74%, and the Airports Authority of India, 
holding the remaining 26% of the company’s shares 
(Chhatrapati Shivaji Maharaj International Airport, 2021). 
The initial Public Private Partnership agreement was for a 
term of 30 years, which took effect from May 3, 2006, and 
the agreement is extendable by a further 30 years subject 
to the terms of “Operations Management and Development 
of Agreements” (OMDA) signed between the Airports 
Authority of India (AAI) and Mumbai International 
Airport (MIAL). Mumbai’s Chhatrapati Shivaji Maharaj 
International Airport is India’s second busiest airport (Dan 
et al., 2017; Jaffe, 2015, Gaonkar 2013). The airport can 
handle around 50 to 52 million passengers per annum 
(Sharma, 2022). 


The airport has three passenger terminals: Terminal 1 is 
used for domestic flights, Terminal 2 is used for both 
domestic and international flights, and the General 
Aviation terminal, which is used for private and non- 
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scheduled flight operators. Mumbai airport is equipped 
with two crossing runways which are designated 09/27 and 
14/32. Runway 14/32, (2,925m, 9,596ft) is the runway that 
runs between Terminals | and 2. The main runway 09/27 
(3,445m, 11,302ft) intersects runway 14/32 just south of 
the terminal buildings (Airport Technology, 2020). 


Chhatrapati Shivaji Maharaj International Airport is an 
ISO 50001:2018 (Energy Management System) and ISO 
14001:2015 (Environmental Management System) 
certified company (Loreng, 2022). ISO 14001 is a 
worldwide meta-standard for implementing Environmental 
Management Systems (EMS) (Dentch, 2016; Grover & 
Grover, 2017; Heras-Saizarbitoria et al., 2011). Introduced 
in June 2011, the ISO 50001 International Standard was 
developed to provide a unified framework for energy 
management efficiency (Dzene et al, 2015; 
Gopalakrishnan et al., 2014; Yuriev & Boiral, 2018). The 
ISO 50001 Energy Management System standard also 
provides a basis for energy management improvement by a 
firm (Jovanović & Filipovic, 2016). 


The airport has been accredited at the Airports Council 
International Airport Carbon Accreditation (ACA) Level 
4+, which signifies that it is a carbon neutral airport (Naik, 
2022). Through the implementation of a certified ISO 
50001 Energy Management System, the airport has 
developed a policy for the efficient use of energy, set goals 
and targets for the forthcoming years and adopted a robust 
mechanism to review its progress (Chhatrapati Shivaji 
Maharaj International Airport, 2020). 


4.1.2. Chhatrapati Shivaji Maharaj International 
Airport Environmental Policy 


Mumbai International Airport (Chhatrapati Shivaji 
Maharaj International Airport) defined and implemented a 
very comprehensive environmental policy in 2022. In 
accordance with the policy, Mumbai International Airport, 
while developing, maintaining, managing, and operating 
the airport, the airport is committed to achieving 
excellence and sustainability in the quality of its facilities 
and services, and the company manages the impact of its 
business on the environment (Chhatrapati Shivaji Maharaj 
International Airport, 2022). 


Mumbai International Airport aims to continually improve 
is environmental performance by: 


e Ensuring compliance with applicable legal and 
other requirements, including civil aviation safety 
legislation and standards. 


e Provision and optimal use of resources whilst 
promoting re-use, recycling, and re-purposing. 


e Protection of the environment by pollution 
prevention and waste minimization. 
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e Nurturing sustainability initiatives and 
development, including effective climate change 
and greenhouse gas (GHG) management 
(Chhatrapati Shivaji Maharaj International 


Airport, 2022). 


Chhatrapati Shivaji Maharaj International Airport has 
historically placed a high focus on carbon neutrality, 
energy savings, emissions reduction, and climate action 
since its inception. The airport employs a holistic approach 
towards its sustainable operations and has carried out 
various initiatives under environment management. These 
include airport carbon management system, airport carbon 
neutrality, sustainability reporting, renewable energy 
installations, wastewater recycling, effective waste 
management system, and organic waste treatment, 
amongst others. Furthermore, the airport closely monitors 
its noise management, air quality monitoring, waste 
management and climate change, which helps minimize its 
environmental impact (Airports Council International, 
2022c). 


Chhatrapati Shivaji Maharaj International Airport’s green 
policies focus on continuous energy reduction through the 
adoption of energy efficient products, operational 
efficiency, and the application of innovative technology to 
address the challenges associated with climate change 
(Airports Council International, 2022c). 


A share of the airport’s purchased electricity is used by 
concessionaires, government authorities and other 
stakeholders, which have operations at the airport. Hence, 
the electricity purchased by the airport also includes 
electricity is also consumed by other key stakeholders 
(Chhatrapati Shivaji Maharaj International Airport, 2020). 


4.1.3. Chhatrapati Shivaji Maharaj International 
Airport Energy Sources 


To sustain its operations and airport infrastructure, 
Chhatrapati Shivaji Maharaj International Airport uses a 
mix of energy sources. These energy sources are 
compressed natural gas, diesel, electricity, petrol, and solar 
energy (Chhatrapati Shivaji Maharaj International Airport, 
2020) 


4.1.4. Chhatrapati Shivaji Maharaj International 
Airport Hybrid Solar Mill System 


As previously noted, Mumbai International Airport has 
shifted totally towards the use of green energy for its 
consumption needs. Out of the total 100 per cent, the 
airport procures around 95 per cent from green sources, 
such as, hydro and wind energy (International Airport 
Review, 2022; Loreng, 2022). Mumbai International 
Airport achieved 100% use of green energy sources in 
August 2022. The airport is committed to continuous 
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reduction in energy consumption, and hence, a reduction in 
its carbon footprint. Mumbai Airport has installed a 
1.06MW rooftop solar power plant, which can be 
increased to 4.66MW (International Airport Review, 
2022). 


Figure 1 presents Chhatrapati Shivaji Maharaj 
International Airport annual solar power generation and 
the year-on-year change for the period covering the 2016- 
2017 to 2019-2020 financial years. Figure 1 shows that 
there has been an upward trend in the airport’s annual solar 
power generation during this period. Figure 1 shows that 
there was a very pronounced spike in this metric in the 
2017-2018 financial year, at which time it increased by 
110.91% on the 2016-2017 levels. This large increase was 
followed by two further significant annual increases in the 
airport’s solar power generation, when it increased by 
22.36% in the 2018-2019 financial year and by 27.80% in 
the 2019-2020 financial year (Figure 1) This upward trend 
is very favorable and highlights the importance of 
renewable energy usage by the airport operator. 


ear Change (%) 


£ 


Year-on- Yı 


2016-2017 2017-2018 2018-2019 2019-2020 


sans Sola Power Generational (100,000Kwh) =——==»Year-on-Yea Change (%) 


Fig.l: Chhatrapati Shivaji Maharaj International Airport 
Annual Solar Power Generation and Year-on-Year 
Change: 2016-2017 to 2019-2020 Financial Years 


Source: Data derived from Chhatrapati Shivaji Maharaj 
International Airport (2020). 


In April 2022, Mumbai Airport enhanced its usage of 
green energy when it deployed a 10Kwp Hybrid SolarMill 
consisting of 2Kwp TurboMill (three Savonious vertical 
axis type wind turbine (VAWT) and 8Kwp Solar PV 
modules, with an estimated minimum energy generation of 
36 kWh/day. This first-of-its-kind, fully integrated, hybrid 
renewable energy product, harnesses both solar and wind 
energy that are combined to generate electricity at the 
airport (International Airport Review, 2022; Loreng, 
2022). Importantly, wind energy (WE) is increasingly 
emerging as a green and clean energy source (Chawda et 
al., 2023). In addition, the development of modern 
photovoltaic thermal systems (PV/T) is regarded as being 
one of the most important steps in the application of using 
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solar energy to produce both electricity and heat (Chaichan 
et al., 2022). 


4.1.5. The Environmental Benefits of Chhatrapati 
Shivaji Maharaj International Airport Hybrid Solar 
Mill System 


The new green energy powered system will enable 
Chhatrapati Shivaji Maharaj International Airport to 
reduce its carbon footprint as the new system will reduce 
its annual carbon dioxide (CO2) emissions by 120,000 
tonnes (The Economic Times, 2022). The reduction in 
carbon dioxide emissions (CO2) is contributing to the 
airport’s goal of Net Zero emissions by 2029. As noted 
earlier, a very important benefit of the use of photovoltaic 
(PV) solar systems by airports is that these systems lower 
the airport’s ground emissions, and hence, the airport’s 
carbon footprint (Sukumaran & Sudhakar, 2017a; Wybo, 
2013). Reducing the use of fossil fuels considerably 
reduces the amount of carbon dioxide (CO2) produced, as 
well as reducing the levels of the pollutants released into 
the atmosphere (Demirbas, 2006). This is especially 
important for airports because the global aviation industry 
generates a substantial carbon footprint which is predicted 
to increase in the future (Filimonau et al., 2018). The 
aviation industry has set a goal of net zero emissions by 
2050 (Amankwah-Amoah et al., 2023; Bergero et al., 
2023; Serafimova & Finger, 2022). Airports can play a key 
role in achieving this goal by deploying and using green 
energy. 


A further environmental-related benefit of the renewable 
energy system is that reduces the negative effects of fossil 
fuel-based energy (Midilli et al., 2006). Indeed, the 
transition towards more renewable sources reduces a 
firm’s dependence on fossil fuels (Mutezo & Mulopo, 
2021; Omer, 2008). Fossil fuels produce harmful 
emissions that negatively impact the environment (Agbulut 
& Saridemir, 2021). 


In addition, the use of green or renewable energy sources 
provides the user with an important opportunity to 
optimize energy efficiency (Arman & Yuksel, 2013). 
Indeed, this is a very important advantage of Chhatrapati 
Shivaji Maharaj International Airport new renewable green 
technology system as the new system is very energy 
efficient. 


4.2. An Overview of Indira Gandhi Airport 
4.2.1. An Overview of Indira Gandhi Airport 


Indira Gandhi Airport is located 16 kilometres from the 
centre of Delhi. The airport has three passenger terminals 
and three runways. Runway 11-29 has a length of 4,430 
metres, whilst the airport’s Runway 10-28 has a length of 
3,810 metres. The airport’s third runway, Runway 09-27, 
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is 2,813 metres in length. Terminal 3 is an integrated 
terminal, and thus, it handles both domestic and 
international passenger traffic (Delhi Indira Gandhi 
Airport, 2022). Delhi’s Indira Gandhi Airport handled 
37,139, 957 passengers in 2021, making it the world’s 13th 
busiest passenger airport in 2021(Airports Council 
International, 2022b). Indira Gandhi Airport is now 
amongst the twenty busiest airports in the world (Ganguly, 
2019). The airport is India’s busiest airport (Agarwal et al., 
2018; Zhou et al., 2019). 


On January 31, 2006, a consortium that was led by GMR 
Infrastructure, and including Germany headquartered 
Fraport AG, and others, won the contract to modernize 
Delhi Airport (Pratap & Chakrabarti, 2017). Following the 
privatization of the airport in 2006, Delhi International 
Airport Private Ltd. (DIAL) was formed with the key 
objectives of operating, maintaining, developing, 
designing, constructing, upgrading, modernizing, 
financing, and managing the Indira Gandhi 
International Airport (Chaudhuri & Chaudhuri, 2017). 


Delhi’s Indira Gandhi Airport has placed a very high focus 
on sustainability and, as a result, the airport has 
implemented various initiatives such as renewable energy 
development and usage, energy efficiency, green building, 
programs with airlines, operational efficiency measures, 
green transportation, tree plantation, and management of 
greenhouse gases (GHG) in accordance with the Airport 
Council International’s (ACI) Airport Carbon 
Accreditation program (Delhi Airport, 2022; Gandhiok, 
2022). In 2020, Delhi Airport became the first airport 
within the Asia-Pacific region to achieve “Level 4+” under 
ACI’s Airport Carbon Accreditation program (Delhi 
Airport, 2022). This indicates that besides being a carbon- 
neutral airport, Delhi International Airport has adopted 
long-term absolute emission reduction goals in line with 
the United Nations (UN) Intergovernmental Panel on 
Climate Change (IPCC) 1.5-degree scenario (Airports 
Council International, 2022a). 


4.2.2. Indira Gandhi Airport Environmental Policy 


Delhi International Airport has defined and implemented a 
comprehensive environmental policy. Delhi International 
Airport is committed to conducting its business in an 
environmentally friendly manner and the airport aims to 
minimize the impact of its activities on both the 
environment and the community. As part of this policy, 
environmental management is an integral part of the 
airport’s business strategy that is designed to ensure that 
the airport achieves credibility and business sustainability. 
Delhi International Airport Private Ltd (DIAL) is 
committed to the protection of the environment, and the 
mitigation of climate change. The airport also ensures the 
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sustainable usage of resources at Indira Gandhi Airport 
(Delhi International Airport Limited, 2020). 


Delhi International Airport Private Ltd (DIAL) being a 
responsible organization strives to fulfill its environmental 
obligations and commitments by: 


e Fulfilling all applicable 
compliance obligations. 


environmental 


e Establishing and maintaining a management 
system to fulfil its commitments as well as 
safeguarding the interests of all interested parties. 


e The airport comprehensively assesses and 
manages all environmental risks and opportunities 
associated with its development and operational 
activities. 


e The airport sets, monitors, and reviews its 
environmental objectives and targets to ensure 
continual improvement of its Environmental 
Management System to 
environmental performance. 


enhance its 


e The airport develops and reviews environmental 
objectives and targets so it can ensure continual 
improvement of its Environmental Management 
System, and thereby, enhance its environmental 
performance. 


e The airport develops adequate competency in its 
employees and other relevant stakeholders to 
manage environmental risks and opportunities 
associated with their activities. 


e The airport establishes an integrated approach 
toward its long-term absolute greenhouse gas 
(GHG) emission reduction targets and the 
sustainable management of natural resources. 


e The airport promotes the “green” supply chain to 
the maximum degree and considers all 
stakeholder expectations. 


e The airport promotes the use of the “green 
building? concepts in all of Indira Gandhi 
International Airport infrastructure (Delhi 
International Airport Limited, 2020). 


Indira Gandhi International Airport has an ISO 14001: 
2015 certified Environmental Management System and an 
ISO 50001: 2018 certified Energy Management System 
(GMR Infra, 2021). 


4.2.3. Indira Gandhi Airport Energy Sources 
Indira Gandhi Airport direct energy sources are diesel, and 
petrol. Grid electricity is Indira Gandhi Airport’s primary 


indirect energy source. The airport has an onsite solar 
energy plant, and the airport also uses open access 
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renewable energy. In India, the open access is a 
mechanism under which consumers can purchase 
electricity directly from power producers, rather than 
through electricity distribution companies (Gupta, 2022). 
In India, commercial and industrial consumers can procure 
Open Access power from three kinds of renewable energy 
plants — third-party owned, wholly owned (captive) or 
owned by a group of consumers (group captive) (Garg et 
al., 2022). More than 90% of the gross electricity 
consumed by Delhi Airport was sourced from renewable 
energy sources in the 2020-21 financial year (GMR Infra, 
2021). 


4.2.4. Indira Gandhi Airport Hydro and Solar Energy 
System 


In 2022, Delhi’s Indira Gandhi Airport became the first 
airport in India to be powered entirely by hydro and solar 
energy sources. This energy-related measure is one of the 
airport’s key actions that it has taken to move closer to 
realising its 2030 objective of being a Net Zero Carbon 
Emission Airport (Airports Council International, 2022a; 
Delhi Airport, 2022). 


At the time of the present study, the airport was sourcing 
around 6% of its electricity requirement from onsite solar 
power plants and the remaining 94% from hydropower 
plants (Delhi Airport, 2022; Joshi, 2022). For its 
hydropower, the airport has signed a long-term power 
purchase agreement (PPA) with Himachal Pradesh-based 
hydropower producing company to supply hydroelectricity 
for the airport until 2036 (Joshi, 2022). 


Delhi’s Indira Gandhi Airport has used solar power for 
quite some time and following the introduction of the new 
system it is now fulfilling its major electricity 
requirements from a hydropower plant (Gandhiok, 2022). 


The airport has also installed a 7.84 MW solar power plant 
on the airside, and, as part of stakeholder collaboration, 
operators of the air cargo terminals at the airport have 
added a further 5.3 MW rooftop solar power plant 
(Airports Council International, 2022a; Joshi, 2022). 


4.2.5. The Environmental Benefits of Indira Gandhi 
Airport Hydro and Solar Energy System 


As previously noted, Indira Gandhi Airport has moved to 
green energy, and since June 1, 2022, now only uses only 
hydro and solar power for all its energy requirements. This 
initiative is a key part of the airport’s goal of becoming a 
Net Zero Carbon Emission Airport by 2030 (Airports 
Council International, 2022a). The airport’s operator, 
Delhi International Airport Limited (DIAL), has estimated 
that by moving to renewable sources for its energy 
requirements the airport is expected to indirectly reduce 
200,000 tons of carbon dioxide (CO2) emissions every year 
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(Delhi Airport, 2022; Gandhiok, 2022; Joshi, 2022). 
Consequently, the airport has been able to reduce its 
carbon footprint from the use of its new renewable green 
energy system. In addition, the airport has also been able 
to increase its energy efficiency, which is a very favorable 
outcome. A further important environmental-related 
benefit is that the airport has been able to reduce its use of 
energy that may have been produced from fossil-based 
fuels. This alleviates harmful emissions produced from the 
consumption of fossil fuels that may have been used in the 
generation of electricity previously used by the airport 
cause environmental damage (Hao & Van Brown, 2019; 
Nicoletti et al., 2015). 


V. CONCLUSION 


Using an in-depth instrumental case study research 
approach this study has examined the role played by 
renewable green energy technologies and systems at 
Mumbai’s Chhatrapati Shivaji Maharaj International 
Airport, and Delhi’s Indira Gandhi 
Airport. The qualitative data used in the study was 
examined by document analysis. The case study was 
underpinned by the case study research framework as 
recommended by Yin (2018). 


International 


The case study revealed that Chhatrapati Shivaji Maharaj 
International Airport has entirely switched to green sources 
for its energy consumption needs, thereby making it one of 
India’s 100 per cent sustainable airports. Mumbai 
International Airport achieved 100% use of green energy 
sources in August 2022. The airport is committed to 
continuous reduction in energy consumption, and hence, a 
reduction in its carbon footprint. In April 2022, Mumbai 
Airport enhanced its usage of green energy when it 
deployed a 10Kwp Hybrid SolarMill consisting of 2Kwp 
TurboMill (three Savonious vertical axis type wind turbine 
(VAWT) and 8Kwp Solar PV modules, with an estimated 
minimum energy generation of 36 kWh/day. This first-of- 
its-kind, fully integrated, hybrid renewable energy product, 
harnesses both solar and wind energy that are combined to 
generate electricity at the airport. The new green energy 
powered system will enable Chhatrapati Shivaji Maharaj 
International Airport to reduce its carbon footprint as the 
new system will reduce its annual carbon dioxide (CO2) 
emissions by 120,000 tonnes (The Economic Times, 
2022). The reduction in carbon dioxide emissions (CO2) is 
contributing to the airport’s goal of Net Zero emissions by 
2029. Another important environmental-related benefit of 
the new system is that it is assisting the airport to enhance 
its energy efficiency. 


Like Mumbai’s Chhatrapati Shivaji Maharaj International 
Airport, Delhi’s Indira Gandhi Airport has also taken a 
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range of steps to “green” its operations and to make the 
airport more sustainable. In 2022, Delhi’s Indira Gandhi 
Airport became the first airport in India to be powered 
entirely by hydro and solar energy sources. This energy- 
related measure is one of the airport’s key actions that it 
has taken to move closer to realizing its 2030 objective of 
being a Net Zero Carbon Emission Airport. The airport’s 
operator, Delhi International Airport Limited (DIAL), has 
estimated that by moving to renewable sources for its 
energy requirements the airport is expected to indirectly 
reduce 200,000 tons of carbon dioxide (CO2) emissions 
every year. Consequently, the airport has been able to 
reduce its carbon footprint from the use of its new 
renewable green energy system. In addition, the airport has 
also been able to increase its energy efficiency, which is a 
very favorable outcome for the airport. At the time of the 
present case study, the airport was sourcing around 6% of 
its electricity requirement from onsite solar power plants 
and the remaining 94% from hydropower plants. 


By embracing the use of renewable and green energy 
sources, both airports have been able to reduce the use of 
fossil fuels and, as a result, they have been able to reduce 
their carbon dioxide (CO2) emissions, and hence, their 
carbon footprint. This is very important for airports 
because the global aviation industry generates a substantial 
carbon footprint. In addition, by using renewable and 
green energy sources the two airports have been able 
reduce their dependency on fossil fuels, and consequently, 
they have reduced pollutants being released into the 
atmosphere. The use of clean green energy sources has 
helped the two airports to mitigate the environmental 
damage associated with fossil fuel usage. 


REFERENCES 


[1] Abdallah, A.S.H., Makram, A., & Abdel-Azim Nayel, M. 
(2021). Energy audit and evaluation of indoor environment 
condition inside Assiut International Airport terminal 
building, Egypt. Ain Shams Engineering Journal, 12(3), 
3241-3253. https://doi.org/10.1016/j.asej.2021.03.003 

[2] Agarwal, M., Aggarwal, A., Pathak, K.G., Sachet., & 
Ahirwar, J. (2018). Airport with a circular runway in India. 
International Journal of Advance Research, Ideas, and 
Innovations in Technology, 4(3), 919-922. 

[B] Agbulut, U., & Sarıdemir, S. (2021). A general view to 
converting fossil fuels to cleaner energy source by adding 
nanoparticles. International Journal of Ambient Energy, 
42(13), 1569-1574. 
https://doi.org/10.1080/01430750.2018.1563822 

[4] Ahmed, S.S.U., Salehin, S., Rahman, M.M., & Sadral 
Isam, A.K.M. (2017). Harvesting solar energy: 
Fundamentals and applications. In P. Mondal & A.K. Dalai 
(Eds.), Sustainable utilization of natural resources (pp. 
381-416). Boca Raton, FL: CRC Press. 


94 


Baxter et al. 


[5] 


[6] 


[7] 


[8] 


[9] 


[10] 


[11] 


[12] 


[13] 


[14] 


[15] 


[16] 


[17] 


(2020). 

India. 
https://www.airport-technology.com/projects/chhatrapati/. 
Airports Council International. (2022a). Delhi Airport 
switches to renewable sources for its energy needs; 


Airport Technology. 
International Airport, 


Chhatrapati 
Retrieved 


Shivaji 
from 


Becomes India’s first airport to run entirely on hydro and 


solar power. Retrieved from  https://www.aci- 
asiapac.aero/media-centre/perspectives/delhi-airport- 
switches-to-renewable-sources-for-its-energy-needs- 
becomes-india-s-first-airport-to-run-entirely-on-hydro-and- 
solar-power. 
Airports Council International. (2022b). Final data 
released: Top 20 busiest airports confirmed. Retrieved 
https://aci.aero/2022/07/25/final-data-released-top- 


20-busiest-airports-confirmed/. 


from 


Airports Council International. (2022c). Mumbai Airport 
spreads the message of green living with travellers on 
World Environment Day. Retrieved from https://www.aci- 
asiapac.aero/media-centre/news/world-environment-day- 
csmia-spreads-the-message-of-green-living-with-the- 
travellers-with-the-theme-only-one-earth. 

Aktaş, A., & Kircigek, Y. (2021). Solar hybrid systems: 
Design and application. London, UK: Academic Press. 
Akyüz, M.K., Altuntaş, O., & Söğüt, M. Z. (2017). 
Economic and environmental optimization of an airport 
terminal building’s wall and roof insulation. Sustainability, 
9(10), 1849. https://doi.org/10.3390/su9101849 

Akyuz, M.K., Altuntas, O., Sogut, M.Z., & Karakoc, T.H. 
(2019). Energy management at the airports. In T. Karakoc, 
C. Colpan, O. Altuntas & Y. Sohret (Eds.), Sustainable 
9-36). Cham, Switzerland: Springer 
International Publishing. 

Akyüz, M.K., Altuntas O., Sogut M.Z, Karakoc T.H., & 
Kurama, S. (2018). Determination of optimum insulation 


aviation (pp. 


thickness for building's walls with respect to different 
insulation materials: A case study of International Hasan 
Polatkan Airport International Journal of 
Sustainable Aviation, 4(2), 147-161. 
https://doi.org/10.1504/IJSA.2018.094228 

Alotto, P., Guarnieri, M., & Moro, F. (2014). Redox flow 
batteries for the storage of renewable energy: A review. 
Renewable and Sustainable Energy Reviews, 29, 325-335. 
https://doi.org/10.1016/j.rser.2013.08.001 
Amankwah-Amoah, J., Debrah, Y., & Anag, S. (2023). 
Greening aviation in era of COVID-19: Towards 
conceptualizing and operationalizing decarbonization. 
Journal of Environmental Management, 326(Part A), 
116649. https://doi.org/10.1016/j.jenvman.2022.116649 
Andrew, D.P.S., Pedersen, P.M., & McEvoy, C.D. (2011). 
Research methods and design in sport management. 
Champaign, IL: Human Kinetics. 


terminal. 


Anurag, A., Zhang, J., Gwamuri, J., & Pearce, J.M. 
(2017). General design procedures for airport-based solar 
photovoltaic systems. Energies, 10(8), 1194. 
https://doi.org/10.3390/en 1008 1194 

Arman, H., & Yuksel, I. (2013). Preface. In H. Arman & I 
Yuksel (Eds.), New developments in renewable energy (pp. 


xi-xii). Rijeka, Croatia: InTech. 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.82.9 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


[25] 


[26] 


[27] 


[28] 


[29] 


[30] 


International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023 


Aswathanarayana, U. (2010). Introduction. In U. 
Aswathanarayana., T. Harikrishan., & K.M Thayyib 
Sahini. (Eds.), Green energy technology, economics, and 
policy (pp. 1-4). Boca Raton, FL: CRC Press. 

Baek, S., Kim, H., & Joon Chang, H. (2016). Optimal 
hybrid renewable airport power system: Empirical study on 
Incheon International Airport, South Korea. Sustainability, 
8(6), 562. https://doi.org/10.3390/su8060562 

Bahadir, S. (2022). The relationship between civil aviation, 
renewable energy consumption, economic growth, and CO2 
emissions: The case of Sub-Saharan African countries. In 
S. Batal (Ed.), Academic studies in social, human and 
administrative science (pp.135-160). Ankara, Turkey: Gece 
Publishing. 

Balfour, J.R., Shaw, M., & Nash, N. (2013). Introduction 
to photovoltaic system design. Burlington, MA: Jones & 
Bartlett Learning 

Baxter, G. (2021). Mitigating an airport’s carbon footprint 
through the use of “green” technologies: The case of 
Brisbane and Melbourne Airports, Australia. International 
Journal of Environment, Agriculture and Biotechnology, 
6(6), 29-39. https://dx.doi.org/10.2216 1/1jeab.66.4 

Baxter, G. (2022a). Assessing the carbon footprint and 
carbon mitigation measures of a major full-service network 
airline: A case study of Singapore Airlines. /nternational 
Journal of Environment, Agriculture and Biotechnology, 
7(5), 81-107. https://dx.doi.org/10.22161/ijeab.75.9 

Baxter, G. (2022b). Mitigating aircraft auxiliary power unit 
carbon dioxide (CO2) emissions during the aircraft 
turnaround process from the use of solar power at the 
airport gate: The Case of Moi International Airport, Kenya. 
International Journal of Environment Agriculture and 
Biotechnology, 7(1), 14-22. 
https://dx.doi.org/10.2216 1/Ajeab.71.2 

Baxter, G., Srisaeng, P., Wild, G. (2019). Environmentally 
sustainable airport energy management using solar power 
technology: The case of Adelaide Airport, Australia. 
International Journal for Traffic and Transport 
Engineering, 9(1), 81 — 100. 

Berga, L. (2016). The role of hydropower in climate 
change mitigation and adaptation: A review. Engineering, 
2(3), 313-318. https://doi.org/10.1016/J.ENG.2016.03.004 
Bergero, C., Gosnell, G., Gielen, D., Kang, S., Bazilian, 
M., & Davis, S.J. (2023). Pathways to net-zero emissions 
from aviation. Nature Sustainability, 1. 
https://doi.org/10.1038/s41893-022-01046-9 et al., 2023 
Bhattacharyya, S. (2015). Introduction. In P. Mohanty, T. 
Muneer, & M. Kolhe (Eds.), Solar photovoltaic system 
applications: A guide for off-grid electrification (pp. 1-6). 
Cham, Switzerland: Springer Nature Switzerland. 
Bhowmik, C., Bhowmik, S., Ray, A., & Murari Pandey, K. 
(2017). Optimal green energy planning for sustainable 
development: A review. Renewable and Sustainable 
Energy Reviews, 71, 796-813. 
https://doi.org/10.1016/j.rser.2016.12.105 

Bosmans, J., Schipper, A., Mielke, K., Cengié, M., 
Gemaat, D., van Vuuren, D., & Huijbregts, M. (2022). 


Determinants of the distribution of utility-scale 


95 


Baxter et al. 


[31] 


[32] 


[33] 


[34] 


[35] 


[36] 


[37] 


[38] 


[39] 


[40] 


[41] 


[42] 


[43] 


photovoltaic power facilities across the 
Environmental Research Letters, 17(11), 114006. 
Braun, V., & Clarke, V. (2022). Thematic analysis: A 
practical guide. London, UK: Sage Publications. 

Bujok, P., Bjgrn-Thygesen, F., & Xydis, G. (2023). 
Developing a sustainable energy strategy for Midtjyllands 
Airport, Denmark. International Journal of Sustainable 
Transportation, 17(3), 273-297. 
https://doi.org/10.1080/15568318.2022.2029632 

Chaichan, M.T., Mahdi, M.T., Kazem, H.A, Al-Waeli, 
A.H.A., Fayad, M.A., Al-Amiery, A.A., Roslam Wan 
Isahak, W.N., Kadhum, A.A.H., & Takriff, M.S. (2022). 
Modified Nano-Fe 2 O 3 -paraffin wax for efficient 
photovoltaic/thermal system in severe weather conditions. 
Sustainability, 14(19), 1-23. 
https://doi.org/10.3390/sul141912015 

Chawda, G.S., Shaik, A.G., Mahela, O. P., & Padmanaban, 
S. (2023). Performance improvement of weak grid- 
connected wind energy system using FLSRF-Controlled 
DSTATCOM. IEEE Transactions on 
Electronics, 70(2), 
https://doi.org/10.1109/TIE.2022.3158012 
Chhatrapati Shivaji Maharaj International Airport. (2020). 
Sustainability Report 2020: Mumbai International Airport. 


globe. 


Industrial 
1565-1575. 


Retrieved from 
https://csmia.adaniairports.com/sustainabilityreport.pdf. 

Chhatrapati Shivaji Maharaj International Airport. (2021). 
Passenger traffic picks up pace ahead of festive season: 
5 lakh at CSMIA. Retrieved from 
https://csmia.adaniairports.com/pressnotes/PressNote_Pass 
enger_Traffic_Picks_Up_Pace_Ahead_Of_Festive_Season 
_Witnessed_Over_15_Lakh_Travellers_At_CSMIA.pdf. 

Chhatrapati Shivaji Maharaj International Airport. (2022). 
Quality, health, safety, and environment policy. Retrieved 


Witnessed over 


from 
https://csmia.adaniairports.com/operation/20220131_MIA 
L_QHSE Policy.pdf. 

Chaudhuri, S., & Chaudhuri, R. (2017). A cost benefit 
analysis of Delhi Airport PPP project. Journal of Air 
Transport Studies, 8(1), 13-30. 

Choudhary, A., Saxena, B.K., & Mishra, S. (2021). Making 
Indian airports sustainable by using solar photovoltaic 
system: Analysis of three airports. International Journal of 
Sustainable Energy, 40(2), 149-174. 
https://doi.org/10.1080/1478645 1.2020.1797739 
Choudhuri, S., Dixit, R., & Tiwari, R. (2015). Issues and 
challenges of Indian aviation: A case study. International 
Journal of Logistics & Supply Chain Management 
Perspectives, 4(1), 1557-1562. 

Correia, D., & Ferreira, A. (2021). Energy harvesting on 
airport pavements: State-of-the-art. Sustainability, 13(11), 
5893. https://doi.org/10.3390/su13 115893 

Curran, S. (2016). Economic viability of using grid- 
connected photovoltaic energy in an airport in Jamaica. 
The Journal of the Association of Professional Engineers 
of Trinidad and Tobago, 44(1), 16-21. 

Dalwadi, P., Shrinet, V., Mehta, C.R., & Shah, P. (2011). 
Optimization of solar-wind hybrid system for distributed 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.82.9 


[44] 


[45] 


[46] 


[47] 


[48] 


[49] 


[50] 


[51] 


[52] 


[53] 


[54] 


[55] 


[56] 


International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023 


generation. Proceedings of the Nirma University 
International Conference on Engineering, Ahmedabad, 
India, 2011 (pp. 1-4). 

Dan, A., Pasi, A., Jalaluddeen, M., & Kumar Singh, S. 
(2017). Responding to the Ebola virus disease at point of 
entry: Experience from Mumbai — India. Indian Journal of 
Public Health Research & Development, 8(2), 163-166. 
Delhi Airport. (2022). Delhi Airport becomes India's first 
to run solely on hydro & solar power. Retrieved from 
https://www.newdelhiairport.in/blog/delhi-airport- 
becomes-indias-first-to-run-solely-on-hydro-solar-power. 
Delhi Indira Gandhi Airport. (2022). Fact sheet. Retrieved 
from https://www.newdelhiairport.in/medias/factsheet. 
Delhi International Airport Limited. (2020). Environment 
Retrieved 
https://www.newdelhiairport.in/media/1514/revised- 
evironmental-policy-211020.pdf. 


policy. from 


Demirbas, A. (2006). Global renewable energy resources. 
Energy Sources, Part A: Recovery, Utilization, and 
Environmental Effects, 28(8), 779-792. 
https://doi.org/10.1080/009083 106007 18742 

Dentch, M.P. (2016). The ISO 14001:2015 handbook: 
Using the process approach to building an environmental 
management system. Milwaukee, WI: Quality Press 

de Rubeis, T., Nardi, I., Paoletti, D., Di Leonardo, A., 
Ambrosini, D., Poli, R., & Sfarra, S. (2016). Multi-year 
consumption analysis and innovative energy perspectives: 
The case study of Leonardo da Vinci International Airport 
of Rome. Energy Conversion and Management, 128, 261- 
272. https://doi.org/10.1016/j.enconman.2016.09.076 
Dzene, I., Polikarpova, I., Zogla, L., & Rosa, M. (2015). 
Application of ISO 50001 for 
sustainable energy action plans. Energy Procedia, 72, 111- 
118. https://doi.org/10.1016/j.egypro.2015.06.016 

Emeara, M.S., Abdelgawad, A.F., & El Abagy, A.H. 
(2020). A case study of Cairo International Airport “CIA” 
proposed installation of photovoltaic “PV” for high-energy 


implementation of 


production. International Journal of Mechanical and 
Production Engineering Research and Development, 10(5), 
399-410. 

Emeara, M. S., Abdelgawad, A.F.., & El Abagy, A.H. 
(2021). A novel renewable energy approach for Cairo 
International Airport “CIA” based on Building Information 
Modeling “BIM” with cost analysis. Journal of Advanced 
Research in Fluid Mechanics and Thermal Sciences, 85(2), 
80-106. https://doi.org/10.37934/arfmts.85.2.80106 
Fesanghary, M., Asadi, S., & Geem, Z.W. (2012). Design 
of low-emission and energy-efficient residential buildings 
using a Multi-Objective Optimization Algorithm. Building 
and Environment, 49, 245-250. 
https://doi.org/10.1016/j.buildenv.2011.09.030 

Filimonau, V., Mika, M., & Pawlusinski, R. (2018). Public 
attitudes to biofuel use in aviation: Evidence from an 
emerging tourist market. Journal of. Cleaner Production, 
172, 3102-3110. 
https://doi.org/10.1016/j.jclepro.2017.11.101 

Gandhiok, J. (2022). Delhi airport becomes India’s first to 
run entirely on hydro and solar energy. Retrieved from 


96 


Baxter et al. 


[57] 


[58] 


[59] 


[60] 


[61] 


[62] 


[63] 


[64] 


[65] 


[66] 


[67] 


[68] 


[69] 


https://www.hindustantimes.com/business/delhi-airport- 
becomes-india-s-first-to-run-entirely-on-hydro-and-solar- 
energies-101655883952841 html. 

Ganguly, B. (2019). How solid is India’s economy? In U. 
Tramballi & N. Missaglia (Eds.), India’s global challenge: 
Growth and leadership in the 21st century (pp. 41-66). 
Milan, Italy: Ledizioni Ledi Publishing. 

Gaonkar, P.D. (2013). Analysis 
accessibility in India by explicating the case of CSI 


of airport ground 


Airport, Mumbai. International Journal of Scientific and 
Research Publications, 3(7), 1-7. 

Garg, V., Gulia, J., Thayillam, A., & Sharma, P. (2022). 
India's renewable energy open access market: Trends and 
outlook. Retrieved from https://ieefa.org/resources/indias- 
renewable-energy-open-access-market-trends-and-outlook. 
Gipe, P. (2004). Wind power: Renewable energy for home, 
farm, and business. White River Junction, VT: Chelsea 
Green Publishing Company. 

GMR Infra. (2021). GMR sustainability report 2021 — 
Airports. Retrieved from 
https://investor.gmrinfra.com/pdf/GMR%20Sustainability 
%20Report% 202021 %20-%20Airports. pdf. 

Godson, J., Karthick, M., Muthukrishnan, T., & 
Sivagamasundari, M.S. (2013). Solar PV-wind hybrid 
power generation system. International Journal of 
Electrical, Electronics and 
Instrumentation Engineering, 2(11), 5350-5354. 
González-Ruiz, J.D., Duque, E., & Restrepo, J. (2017). 


Green airport infrastructure in Colombia: Opportunities for 


Advanced Research in 


public-private partnerships schemes. Pertanika Journal of 
Science & Technology, 25, 37 — 46. 

Gopalakrishnan, B., Ramamoorthy, K., Crowe, E., 
Chaudhari, S., & Latif, H. (2014). A structured approach 
for facilitating the implementation of ISO 50001 standard 
in the manufacturing sector. Sustainable 
Technologies and Assessments, 7; 
https://doi.org/10.1016/j.seta.2014.04.006 
Grandy, G. (2010). Instrumental case study. In A.J. Mills., 
G. Durepos., & E. Wiebe (Eds.), Encyclopedia of case 
study research, Volume 1 (pp. 473-475). Thousand Oaks, 
CA: SAGE Publications. 

R.C., & Grover, S. 


with 


Energy 
154-165. 


Grover, (2017). Winning the 
ISO 14001: 2015: 


Implementation of an Environmental Management System. 


environmental challenge 


Chennai, India: Notion Press. 
Guest, G., MacQueen, K. M., & Namey, E. E. (2012). 


Applied thematic analysis. London, UK: SAGE 
Publications 

Gupta, U. (2022). India installed 1.9 GW of ‘open-access’ 
renewables in FY 2021-22. Retrieved from 


https://www.pv-magazine-australia.com/2022/08/23/india- 
installed- 1-9-gw-of-open-access-renewables-in-fy-2021- 
22/#:~:text=From% 20pv %20magazine% 20India&text=Op 
en%20access%20is%20a%20mechanism,all%20key %20re 
newables%2Drich%20states. 

Hafez, F.S., Sa'di, B., Safa-Gamal, M., Taufiq-Yap, Y.H, 
Alrifaey, M., Seyedmahmoudian, M., Stojcevski, A., 
Horan, B., & Mekhilef, S. (2023). Energy efficiency in 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.82.9 


[70] 


[71] 


[72] 


[73] 


[74] 


[75] 


[76] 


[77] 


[78] 


[79] 


[80] 


International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023 


sustainable buildings: A systematic review with taxonomy, 


challenges, motivations, methodological aspects, 
recommendations, and pathways for future research. 
Energy Strategy Reviews, 45, 101013. 


https://doi.org/10.1016/j.esr.2022.101013 

Hao, F., & Van Brown, B.L. (2019). An analysis of 
environmental and economic impacts of fossil fuel 
production in the U.S. from 2001 to 2015. Society & 
Natural Resources, 32(6), 693-708. 
https://doi.org/10.1080/08941920.2019.1574044 
Heras-Saizarbitoria, I., Landín, G.A., & Molina-Azorin, 
J.F. (2011). Do drivers matter for the benefits of ISO 
14001? Journal of Operations and 
Production Management, 31(2), 192-216. 
https://doi.org/10.1108/01443571111104764 

Hermawan, K. (2017). Design analysis of photovoltaic 
systems as renewable energy resource in airport. In 


International 


Proceedings of the 4th International Conference on 
Information Technology, Computer, and Electrical 
Engineering (ICITACEE), Semarang, Indonesia, 18-19 
October 2017 (pp. 113-116). 

International Airport Review. (2022). Mumbai Airport 
becomes 100 per cent sustainable on green energy. 
Retrieved from 
https://www.internationalairportreview.com/news/180092/ 
mumbai-airport-becomes-100-per-cent-sustainable-on- 
green- 

energy/#:~:text=Ushering %20into%20a%20sustainable%2 
Ofuture,of%20energy %20in %20August% 202022. 

Jaffe, S.D. (2015). Airspace closure and civil aviation: A 
strategic resource for airline managers. Abingdon, UK: 
Routledge. 

Janić, M. (2011). Greening airports: Advanced technology 
and operations. London, UK: Springer Verlag London 
Limited. 

Janis, I. (2022). Strategies for establishing dependability 
between two qualitative intrinsic case studies: A reflexive 
thematic analysis. Field Methods, 34(3), 240-255. 
https://doi.org/10.1177/1525822X2 11069636 

Jiang, M., Qi, L., Yu, Z., Wu, D., Si, P., Wei, W., Yu, X., 
& Yan, J. (2021). National level assessment of using 
infrastructures for 
deployment. Applied Energy, 298, 
https://doi.org/10.1016/j.apenergy.2021.117195 

Joshi, G. (2022). Delhi Airport now runs entirely on hydro 
and solar 


existing airport photovoltaic 


117195. 


power. Retrieved from 
https://simpleflying.com/delhi-airport-hydro-and-solar- 
power/. 

Jovanović, B., & Filipović, J. (2016). ISO 50001 standard- 
based energy management maturity model — proposal and 
validation in industry. Journal of Cleaner Production, 
112(Part 4), 2744-2755. 
https://doi.org/10.1016/j.jclepro.2015.10.023 

Kalita, P., Das, S., Das, D., Borgohain, P., Dewan, A., & 
Kangsha Banik, R. (2019). Feasibility study of installation 
of MW level grid connected solar photovoltaic power plant 
for northeastern region of India. Sadhana, 44, 207. 


https://doi.org/10.1007/s12046-019-1192-z 


97 


Baxter et al. 


[81] Kalyani, V.L., Dudy, M.K., Pareek, S. (2015). Green 
energy: The need of the world. Journal of Management 
Engineering and Information Technology, 2(5), 18-26. 

[82] Kandt, A., & Romero, R. (2014). Siting solar photovoltaics 
at airports. Retrieved from 
https://www.nrel.gov/docs/fy 1 4osti/62304.pdf. 

[83] Kazda, T., Caves, B., & Kamenický, M. (2015). 
Environmental control. In A. Kazda & R.E. Caves (Eds.), 
Airport design and operation (pp. 457-500) (3rd ed.). 
Bingley, UK: Emerald Group Publishing. 

[84] Koç, S., & Durmaz, V. (2015). Airport corporate 
sustainability: An analysis of indicators reported in the 
sustainability practices. Procedia - Social and Behavioral 
Sciences, 181, 158-170. 
https://doi.org/10.1016/j.sbspro.2015.04.877 

[85] Korba, P., Koščáková, M., Főző, L., & Sekelová, I. (2022). 
Current state and possible challenges in the development of 
green airports. In Proceedings of the New Trends in Civil 
Aviation (NTCA), Prague, Czech Republic, 26-27 October 
(pp. 191-197). 
https://doi.org/10.23919/NTCA55899.2022.9934733 

[86] Kosmas, K., & Panagiotis, T. (2022). Wind-based stand- 
alone hybrid energy systems. In T.M. Letcher (Ed.), 
Comprehensive renewable energy (pp. 749-793) (2nd ed.). 
Amsterdam, The Netherlands: Elsevier. 

[87] Kramer, L.S. (2010). Airport revenue diversification: A 
synthesis of practice. Airport Cooperative Research 
Program Synthesis Report 19. Washington, DC: 
Transportation Research Board. 

[88] Kumar, A. V. P., Parimi, A.M., & Rao, K.U. (2015). 
Implementation of MPPT control using fuzzy logic in 
solar-wind hybrid power system. In Proceedings of the 
IEEE International Conference on Signal Processing, 
Informatics, Communication and Energy Systems 
(SPICES), Kozhikode, India, 19-21 February 2015 (pp. 1- 
5). 

[89] Kumar, S., & Garg, V.K. (2013). A hybrid model of solar- 
wind power generation system. International Journal of 
Advanced Research in Electrical, Electronics and 
Instrumentation Engineering, 2(8), 4107-4116. 

[90] Kumari, P., & Aithal, P.S. (2020). An overview of the 
aviation industry in India with special emphasis on 
privatization. International Journal of Case Studies in 
Business, IT, and Education, 4(2), 220-228. 

[91] Liu, X., Zhang, T., Liu, X., Li, L., Lin, L., & Jiang, Y. 
(2021). Energy saving potential for space heating in 
Chinese airport terminals: The impact of air infiltration. 
Energy, 215(Part B), 119175. 
https://doi.org/10.1016/j.energy.2020.119175 

[92] Loreng, A.C. (2022). Eco boost! Mumbai International 
Airport switches entirely to green sources for its energy 
needs. Retrieved from 
https://www.timesnownews.com/mirror-now/in-focus/eco- 
boost-mumbai-international-airport-switches-entirely-to- 
green-sources-for-its-energy-needs-article-94760410. 

[93] Lykas, P., Georgousis, N., Bellos, E., Tzivanidis, C. 
(2023). A comprehensive review of solar-driven 
multigeneration systems with hydrogen production. 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.82.9 


International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023 


International Journal of Hydrogen Energy, 48(2), 437-477. 
https://doi.org/10.1016/j.ijhydene.2022.09.226 

[94] Maegaard, P., Krenz, A., & Palz, W. (2013). The rise of 
modern wind energy: Wind power for the world. Boca 
Raton, FL: CRC Press. 

[95] Majumdar, B. (2016). Fluid mechanics with laboratory 
manual. New Delhi, India: PHI Learning Private Ltd. 

[96] Malik, M.Z., Zehra, K., Ali, I., Ubedullah., Ismail, M., 
Hussain, A., Kumar, V., Abid, M., & Baloch, M.H. (2020). 
Solar-wind hybrid energy generation system. In 
Proceedings of the IEEE 23rd International Multitopic 
Conference (INMIC), Bahawalpur, Pakistan, 5-7 
November 2020 (pp. 1-6). 

[97] Manwell, J.F., McGowan, J.G., & Rogers, A.L. (2009). 

Wind energy explained: Theory, design and application 

(2nd ed.). Chichester, UK: John Wiley & Sons. 

[98] McKinney, M.L., Schoch, R.W., & Yonavjak, L. (2007). 

Environmental science systems and solutions (4th ed.). 

Sudbury, MA: Jones and Bartlett Publishers. 

[99] Midilli, A., Dincer, I., & Ay, M. (2006). Green energy 
strategies for sustainable development. Energy Policy, 
34(18), 3623-3633. 
https://doi.org/10.1016/j.enpol.2005.08.003 

[100] Miller, D.R. (2022). Tacit cultural knowledge: An 
instrumental qualitative case study of mixed methods 
research in South Africa. In P. Ngulube (Ed.), Handbook of 
research on mixed methods research in information 
science (pp. 222-244). Hershey, PA: IGI Global. 

[101] Mohamad Radzi, P., Akhter, N.A., Mekhilef, S., & 
Mohamed Shah, N. (2023). Review on the application of 
photovoltaic forecasting using machine learning for very 
short- to long-term forecasting. Sustainability, 15(4), 2942. 
https://doi.org/10.3390/su 15042942 

[102] Mostafa, M.F.A., Abdel Aleem, S.H.E., & Ibrahim, A.M. 
(2016). Using solar photovoltaic at Egyptian airports: 
Opportunities and challenges. In Proceedings of the Power 
Systems Conference (MEPCON), 2016 Eighteenth 
International Middle East, Cairo, Egypt, 27-29 December 
(pp. 73-80). 

[103] Mostafa, M.F.A., Abdel Aleem, S.H.E., & Zobaa, A.F. 
(2016). Risk assessment and possible mitigation solutions 


for using solar photovoltaic at airports. In Proceedings of 
the Power Systems Conference (MEPCON), 2016 
Eighteenth International Middle East, Cairo, Egypt, 27-29 
December (pp. 81-88). 

[104] Moukhtar, I., El Dein, A.Z., Elbaset, A.A., & Mitani, Y. 
(2021). Solar energy: Technologies, design, modelling, and 
economics. Cham, Switzerland: Springer Nature 
Switzerland. 

[105] Muhammed, I., & Baladraf, T.T. (2021). Potential design 
of photovoltaics- pumped hydro storage system at ex-Pasar 
mine holes in East Kalimantan. In M. Muhammed, N. 
Nurhaliza & B.A.S. Turmono (Eds.), ISTED 2021. 
Proceedings of the 1st International Seminar on Teacher 
Training and Education, Purwokerto, Indonesia, 17-81 
July 2021 (pp. 61-68). Ghent, Belgium: European Alliance 
for Innovation. 


98 


Baxter et al. 


[106] Mutezo, G., & Mulopo, J. (2021). A review of Africa's 
transition from fossil fuels to renewable energy using 
circular economy principles. Renewable and Sustainable 
Energy Reviews, 137, 110609. 
https://doi.org/10.1016/j.rser.2020. 110609 

[107] 

[108] Naik, Y. (2022). Mumbai International airport achieves 
highest rating in carbon sustainability. Retrieved from 
https://www.hindustantimes.com/cities/mumbai- 
news/mumbai-international-airport-achieves-highest- 
rating-in-carbon-sustainability- 101671737261236.html. 

[109] Nam, V.H. (2019). Green sustainable airports: The 
deployment of renewable energy at Vietnam Airports. Is 
that feasible? Journal of Mechanical Engineering Research 
and Developments, 42(5), 61-65. 

[110] Nicoletti, G., Arcuri, N., Nicoletti, G., & Bruno, R. (2015). 
A technical and environmental comparison between 
hydrogen and some fossil fuels. Energy Conversion and 
Management, 89, 205-213. 
https://doi.org/10.1016/j.enconman.2014.09.057 

[111] Oates, B.J. (2006). Researching information systems and 
computing. London, UK: SAGE Publications. 

[112] Office of Energy Efficiency and Renewable Energy. 
(2022). Benefits of hydropower. Retrieved from 
https://www.energy.gov/eere/water/benefits-hydropower. 

[113] Ojogiwa, O. T. (2021). The crux of strategic leadership for 
a transformed public sector management in Nigeria. 
International Journal of Business and Management 
Studies, 13(1), 83-96. 

[114] Omer, A.M. (2008). Energy, environment, and sustainable 
development. Renewable and Sustainable Energy Reviews, 
12(9), 2265-2300. 
https://doi.org/10.1016/j.rser.2007.05.001 

[115] Ortega Alba, S., & Manana, M. (2016). Energy research in 
airports: A review. Energies, 9(5), 349. 
https://doi.org/10.3390/en9050349 

[116] Ortego Alba, S.O., & Manana, M. (2017). Characterization 
and analysis of energy demand patterns in airports. 
Energies, 10(1), 119. https://doi.org/10.3390/en10010119 

[117] Pratap, K.V., & Chakrabarti, R. (2017). Public-private 
partnerships in infrastructure: Managing the challenges. 
Singapore: Springer Nature Singapore Pte Ltd. 

[118] Preston, K. (2015). Sustainability initiatives helping 
airports address climate change. International Airport 
Review, 19(5), 16-19. 

[119] Radomska, M., Chernyak, L., & Samsoniuk, O. (2018). 
The improvement of energy-saving performance at 
Ukrainian airports. In T.H. Karakoç, C. Ozgur Colpan & 
Y. Şöhret (Eds.), Advances in sustainable aviation (pp. 
189-203). Cham, Switzerland: Springer International 
Publishing. 

[120] Ren, X. (2017). Fragile entrepreneurism: The Mumbai 
Airport slum redevelopment project. In K.C. Smitha (Ed.), 
Entrepreneurial urbanism in India (pp. 157-174). 
Singapore: Springer Science + Business Media Singapore. 

[121] Saidi, A., & Chellali, B. (2017). Simulation and control of 
solar wind hybrid renewable power system. In Proceedings 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.82.9 


International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023 


of the 6th International Conference on Systems and 
Control (ICSC), Batna, Algeria, May 7-9 (pp. 51-56). 

[122] Scott, J. (2014). A dictionary of sociology (4th ed.). 
Oxford, UK: Oxford University Press. 

[123] Scott, J., & Marshall, G. (2009). A dictionary of sociology 
(3rd ed.). Oxford, UK: Oxford University Press. 

[124] Serafimova, T., & Finger, M. (2022). Refuelling the 
transition to net zero emissions in the aviation sector. 
Network Industries Quarterly, 24(4), 23-29. 

[125] Sharma, A. (2022) Air traffic outpacing infra at major 
domestic airports. Retrieved from 
https://www.livemint.com/economy/air-traffic-outpacing- 
infra-at-major-domestic-airports-1 1672333540331 .html. 

[126] Sher, F., Hazafa, A., Marintseva, K., Rasheed, T., Ali, U., 
Rashid, T., Babu, A., & Khzouz, M. (2021). Fully solar 
powered Doncaster Sheffield Airport: Energy evaluation, 
glare analysis and CO2 mitigation. Sustainable Energy 
Technologies and Assessments, 45, 101122. 
https://doi.org/10.1016/j.seta.2021.101122 

[127] Shirsath, P.P., Pise, A., & Shinde, A. (2016). Solar-wind 
hybrid energy generation system. International Journal of 
Engineering Research and General Science, 4(2), 546-550. 

[128] Shukla, T. (2013). Low-cost carriers in India. In S. Gross 
& M. Liick (Eds.), The low-cost carrier worldwide (pp. 
139-154). Abingdon, UK: Routledge. 

[129] Smagulov, Z., Anapiya, A., Dikhanbayeva, D., & Rojas- 
Solórzano, L. (2021). Impact of module degradation on the 
viability of on-grid photovoltaic systems in Mediterranean 
climate: The case of Shymkent Airport. International 
Journal of Renewable Energy Development, 10(1), 139- 
147. 

[130] Solanki, C.S., & Singh, H.K. (2017). Anti-reflection and 
light trapping in c-Si solar cells. Singapore: Springer 
Nature Singapore. 

[131] Spellman, F.R. (2022). Dictionary of environmental health. 
Lanham, MD: Bernan Press. 

[132] Sreejaya, K.V., Mubarak, K., & Al-Haddabi, A. (2020). 
Feasibility studies of solar energy as an alternative energy 
resource for Muscat International Airport. INTI Journal, 
51, 1-6. 

[133] Sreenath, S., Sudhakar, K., & Yusop, A.F. (2019). Carbon 
mitigation potential of the airport-based solar PV plants in 
the Indian context. International Journal of Ambient 
Energy, 43(1), 1311-1319. 
https://doi.org/10.1080/01430750.2019.1696888 

[134] Sreenath, S., Sudhakar, K., & Yusop, A.F. (2020a). 
Airport-based photovoltaic applications. Progress in 
Photovoltaics, 28(8), 833-853. 
https://doi.org/10.1002/pip.3265 

[135] Sreenath, S., Sudhakar, K., & Yusop, A.F. (2020b). 
Technical assessment of captive solar power plant: A case 
study of Senai Airport, Malaysia. Renewable Energy, 152, 
849-866. https://doi.org/10.1016/j.renene.2020.01.111 

[136] Sreenath, S., Sudhakar, K., & Yusop, A.F. (2021a). Effect 
of PV material, texturing, orientation and tracking on glare 
impact: A simulation study from an Indian Airport. 
Cleaner Engineering and Technology, 4, 100236. 
https://doi.org/10.1016/j.clet.2021.100236 


99 


Baxter et al. 


[137] Sreenath, S., Sudhakar, K., & Yusop, A.F. (2021b). 
Energy-exergy-economic-environmental-energo-exergo- 
enviroecono (7E) analysis of solar photovoltaic power 
plant: A case study of 7 airport sites in India. Sustainable 
Energy Technologies and Assessments, 47, 101352. 
https://doi.org/10.1016/j.seta.2021.101352 

[138] Stake, R.E. (1995). The art of case study research. 
Thousand Oaks, CA: SAGE Publications. 

[139] Stake, R.E. (2005). Qualitative case studies. In N.K. 
Denzin & Y.S. Lincoln (Eds.), The SAGE handbook of 
qualitative research (pp. 443-466). Thousand Oaks, CA: 
SAGE Publications. 

[140] Sukumaran, S. & Sudhakar, K. (2017a). Fully solar 
powered airport: A case study of Cochin International 
airport. Journal of Air Transport Management, 62, 176- 
188. https://doi.org/10.1016/j.jairtraman.2017.04.004 

[141] Sukumaran, S., & Sudhakar, K. (2017b). Fully solar 
powered Raja Bhoj International Airport: A feasibility 
study. Resource Efficient Technologies, 3(3), 309-316. 
https://doi.org/10.1016/j.reffit.2017.02.001 

[142] Sumathi, N., Phanendra, M.G.V.S., & Teja, K.G. (2018). 
Green airports - Solution to stop pollution! International 
Journal of Latest Technology in Engineering, Management 
& Applied Science, VII(IV), 78-85. 

[143] Terry, G., Hayfield, N., Clarke, V., & Braun, V. (2017). 
Thematic analysis. In C. Willig & W. Stainton- Rogers 
(Eds.), The SAGE handbook of qualitative research in 
psychology (pp. 17-37). London, UK: SAGE Publications. 

[144] The Economic Times. (2022). Mumbai Airport switches to 
green energy Retrieved from 

https://economictimes.indiatimes.com/industry/renewables/ 


sources. 


mumbai-airport-switches-to-green-energy- 
sources/articleshow/94768590.cms?utm_source=contentofi 
nterest&utm_medium=text&utm_campaign=cppst. 

[145] Thomas, C., & Hooper, P. (2013). Sustainable 
development and environmental capacity of airports. In N. 
J. Ashford., H.P. Martin Stanton., C.A. Moore., P. Coutu & 
J.R. Beasley. Airport operations (pp. 553-578) (3rd ed). 
New York, NY: McGraw-Hill. 

[146] Thummala, V., & Hiremath, R.B. (2022). Green aviation in 
India: Airline's implementation for achieving 
sustainability. Cleaner and Responsible Consumption, 7, 
100082. https://doi.org/10.1016/j.clrc.2022.100082 

[147] Tong, C. (2019). Introduction to materials for advanced 
energy systems. Cham, Switzerland: Springer Nature 
Switzerland A.G. 

[148] Tyler Miller, G., & Spoolman, S.E. (2012). Living in the 
environment (17th ed). Belmont, CA: Brooks/Cole. 

[149] United States Environmental Protection Agency. (2022). 
Local renewable energy benefits and resources. Retrieved 
from https://www.epa.gov/statelocalenergy/local- 
renewable-energy-benefits-and-resources. 

[150] van Vreden, M. (2022). Creating a musical for 
preschoolers in South Africa as pedagogical praxis for a 
tertiary music education module. British Journal of Music 
Education, 40(1), 109-123. 
https://doi.org/10.1017/S026505 1722000079 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.82.9 


International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023 


[151] Vasant, L. G., & Pawar, V. R. (2017). Solar-wind hybrid 
energy system using MPPT. In Proceedings of the 
International Conference on Intelligent Computing and 
Control Systems (ICICCS), Madurai, India, 15-16 June 
2017 (pp. 595-597). 

[152] Wagner, H.J., & Mathur, J. (2011). Introduction to hydro 
energy systems: Basics, technology, and operation. Berlin, 
Germany: Springer Verlag. 

[153] Walsh, D., Kiryushin, S., Coleman-Pecha, J., & Rosenthal, 
B. (2020). The benefits of hydropower. Retrieved from 
https://environmentjournal.online/articles/the-benefits-of- 
hydropower’. 

[154] Wybo, J.L. (2013). Large-scale photovoltaic systems in 
airport areas: Safety concerns. Renewable and Sustainable 
Energy Reviews, 21, 402-410. 
https://doi.org/10.1016/j.rser.2013.01.009 

[155] Yerel Kandemir S., & Yayli, M. O. (2016). Investigation of 
renewable energy sources for airports. In T. Hikmet, M. 
Baris Ozerdem, C.O. Colpan, O. Altuntas, & E. Acikkalp 
(Eds.), Sustainable aviation: Energy and environmental 
issues (pp. 11-16). Cham, Switzerland: Springer 
International Publishing. 

[156] Yildiz, O.F., Yilmaz, M. & Celik, A. (2022). Reduction of 
energy consumption and CO2 emissions of HVAC system 
in airport terminal buildings. Building and Environment, 
208, 108632. 
https://doi.org/10.1016/j.buildenv.2021.108632 

[157] Yin, R.K. (2018). Case study research and applications 
(6th ed.). Thousand Oaks: SAGE Publications. 

[158] Yuriev A., & Boiral O. (2018). Implementing the ISO 
50001 System: A critical review. In I. Heras-Saizarbitoria 
(Ed.), ISO 9001, ISO 14001, and new management 
standards. Measuring operations performance (pp. 145- 
175). Cham, Switzerland: Springer. 

[159] Zhang, Y., & Zhang, A. (2017). Air transport development: 
A comparative analysis of China and India. In M. Finger & 
K. Button (Eds.), Air transport liberalization: A critical 
assessment (pp. 112-137). Cheltenham: Edward Elgar 
Publishing. 

[160] Zhou, Y., Wang, J., & Huang, J.Q. (2019). Efficiency and 
robustness of weighted air transport networks. 
Transportation Research Part E: Logistics and 

Transportation Review, 122, 14-26. 

https://doi.org/10.1016/j.tre.2018.11.008 


100 


